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7KH UHQHZDEOHV VHFWRU DQG SDUWLFXODUO\ RIIVKRUH ZLQG HQHUJ\ LV D IDVW GHYHORSLQJ LQGXVWU\ RYHU WKH ODVW IHZ \HDUV
(VSHFLDOO\DFWLYLWLHVUHODWHGWRWKH,QVWDOODWLRQ2SHUDWLRQDQG0DLQWHQDQFH2	0RIRIIVKRUHZLQGWXUELQHVEHFRPHVD
FKDOOHQJLQJ WDVNZLWK LQKHUHQW ULVNV7KLVSDSHUDVVHVVHV WKH ULVNV UHODWHG WR WKHDERYHVWDJHVRIDZLQGIDUP OLIHF\FOH
XVLQJ WKH )0(&$ )DLOXUH 0RGH (IIHFWV DQG &ULWLFDOLW\ $QDO\VLV DQG +$=,' +D]DUG ,GHQWLILFDWLRQ PHWKRGV $OO
ZRUNV IURP LQVWDOODWLRQ WR2	0 DUH FRQVLGHUHG WRJHWKHU ZLWK WKHZLQG WXUELQH PDLQ FRPSRQHQWV $Q LQWHJUDWHG ULVN
DQDO\VLVPHWKRGRORJ\ LVSUHVHQWHGDGGUHVVLQJSHUVRQQHO6DIHW\ 6(QYLURQPHQWDO LPSDFW ($VVHW LQWHJULW\ $DQG
2SHUDWLRQ27KHDERYHLVVXSSOHPHQWHGE\DFRVWDQDO\VLVZLWKWKHDLGRI%%1%D\HVLDQ%HOLHI1HWZRUNVPHWKRGLQ
RUGHU WR DVVLVW WKH GHFLVLRQ PDNLQJ SURFHVV UHODWHG WR LQVWDOODWLRQ DQG 2	0 WDVNV $OO PDMRU ULVNV DQG FULWLFDO ZLQG









7KH UDSLGO\H[SDQGLQJQXPEHURIZLQG IDUPVPDNHVTXDQWLI\LQJDQGPDQDJLQJ WKHGLIIHUHQW HOHPHQWVRI ULVN WKDWDUH





RUGHU WR LQFUHDVH WKHLU DYDLODELOLW\ DQGRSHUDELOLW\ FKDUDFWHULVWLFV$ ORWRI ULVNDQDO\VLVPHWKRGV IRUPHUO\RU FXUUHQWO\
XVHG LQ WKH RIIVKRUH UHQHZDEOHV DQG RLO DQG JDV VHFWRUV LV H[DPLQHG DV VKRZQ LQ VHFWLRQ  7KH GHVFULSWLRQ RI ZLQG




FRVWO\ FRPSRQHQWV )LQDOO\ FRQFOXVLRQV DQG UHFRPPHQGDWLRQV IRU IXWXUH UHVHDUFK RQ WKH FXUUHQW VWXG\ DUH VKRZQ LQ
VHFWLRQ
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$ SUREDELOLW\ LV WKH ZD\ ZH KDYH WR H[SUHVV TXDQWLWDWLYHO\ WKH OLNHOLKRRG RI DQ HYHQW RU FRQVHTXHQFH WR KDSSHQ
$FFRUGLQJ WRSDVWSDSHUV >  @SUREDELOLW\FDQEHHLWKHUDVXEMHFWLYHPHDVXUHRIXQFHUWDLQW\ LI LWFRPHV IURP
H[SHUW¶V MXGJPHQWRUDFODVVLFDO VWDWLVWLFDODSSURDFK'HWHUPLQDWLRQRIDSUREDELOLW\DQGGHFLVLRQPDNLQJ LQHDFKFDVH
LQYROYHV D FHUWDLQGHJUHHRIXQFHUWDLQW\ WKDW GHULYHV IURPRXU ODFNRI LPSRUWDQW LQIRUPDWLRQ >   @'HFLVLRQ
PDNHUVIDFHXQFHUWDLQW\ZKHQHLWKHUWKHSUREDELOLWLHVRUWKHFRQVHTXHQFHVDUHXQNQRZQRUWKHUHDUHPXOWLSOHRXWFRPHV




DQGFRPSDQLHVDQG ULVNPDQDJHPHQW LVRUVKRXOGEHDSSOLHG WRDOO VWDJHVRIDSURMHFW OLIHWLPH >@(VSHFLDOO\ LQ WKH
PDULWLPHDQGRIIVKRUHLQGXVWU\WKHDLPLVWRUHGXFHWKHULVNVIURPPDMRUKD]DUGVWKDWFRXOGMHRSDUGL]HWKHLQWHJULW\RIWKH
RIIVKRUHVWUXFWXUHDQGWKHKHDOWKDQGVDIHW\RIWKHZRUNIRUFHDQGHQVXUHWKHSURWHFWLRQRIWKHHQYLURQPHQW>@7KH
FRUUHFW LGHQWLILFDWLRQ RI WKH KD]DUGV DQG WKHLU FRQVHTXHQFHV LV D NH\ LVVXH LQ SURYLGLQJ LQIRUPDWLRQ WR DLG GHFLVLRQ
PDNLQJDQGLQFUHDVHWKHOHYHORIDSURMHFWVXFFHVV7KXVWKHUHDUHPDQ\WRROVSURFHVVHVWHFKQLTXHVDQGPHWKRGRORJLHV
GHYHORSHGQRZDGD\VWRFRYHUWKLVQHHG
6RPHRI WKHPDLQVWDQGDUGV IRU ULVNPDQDJHPHQWDUH WKRVH$XVWUDOLDQ6WDQGDUGV1HZ=HDODQG6WDQGDUGV
$VVRFLDWLRQ IRU 3URMHFW 0DQDJHPHQW >@  3URMHFW 5LVN $QDO\VLV 	 0DQDJHPHQW 35$0 *XLGH QG HGLWLRQ >@
3URMHFW0DQDJHPHQW,QVWLWXWH>@*XLGHWRWKH3URMHFW0DQDJHPHQW%RG\RI.QRZOHGJH30%R.&KDSWHU>@
,62,(&>@6WDQGDUGVDQGPDQ\PRUH
0RUHVSHFLILFDOO\ IRURIIVKRUHRLODQGJDV LQGXVWU\ +6( LQWURGXFHG WKH6DIHW\&DVHDSSURDFK LQ>@ LQZKLFK
JXLGHOLQHVDUHJLYHQWRRSHUDWRUVRIHDFKRIIVKRUHLQVWDOODWLRQILHOGIRU³UHGXFLQJWKHULVNVIURPPDMRUDFFLGHQWKD]DUGVWR






DQG 6\QHUJL /LIH 5LVN 0DQDJHPHQW IURP'19 */ 6+(3+(5' D VRIWZDUH SURSHUW\ RI 6KHOO *OREDO 6ROXWLRQV
5,6.&859(6 WKDW LV DQ LQWHJUDWHG 45$ VRIWZDUH IURP712 ())(&76 WKDW LV D FRQVHTXHQFH DQDO\VLV DQG GDPDJH
FDOFXODWLRQVRIWZDUHIURP712+$06$*$56ZKLFKLVD45$VRIWZDUHIURP+$06*365,6.$1DQGPDQ\PRUH
>@
7KH PRVW NQRZQ WHFKQLTXHV RI KD]DUG LGHQWLILFDWLRQ DUH ([SHUW -XGJPHQW &KHFN /LVWV DQG WKH VWUXFWXUHG WHFKQLTXHV
+$=,' +D]DUG ,GHQWLILFDWLRQ 3+$ 3URFHVV +D]DUG $QDO\VLV :KDW,) 0HWKRG )7$ )DXOW 7UHH $QDO\VLV (7$




RIIVKRUH LQVWDOODWLRQVDQGPRUHVSHFLILFDOO\RIIVKRUHZLQGIDUPVZLWK)0(&$DQG+$=,' WKH WZRPHWKRGV WKDWDUH
XVHGLQWKLVVWXG\EHLQJWZRRIWKHPRVWSRSXODU




KDYH WR GHDO ZLWK WKHSUREOHPV UDLVHG LV%D\HVLDQ %HOLHI 1HWZRUNV %%1V D WRRO IRU PRGHOLQJXQGHU XQFHUWDLQW\ E\
XVLQJFRQGLWLRQDOSUREDELOLVWLFFDOFXODWLRQVDQGJUDSKLFDOUHSUHVHQWDWLRQRIWKHORJLFDOUHODWLRQVKLSVEHWZHHQYDULDEOHV
5LVN PDQDJHPHQW SURFHVV LQ JHQHUDO LQFOXGHV VHWWLQJ XS WKH FRQWH[W DVVHVVLQJ WKH ULVN KD]DUG LGHQWLILFDWLRQ ULVN
DQDO\VLVDQGULVNZHLJKLQJKDQGOLQJWKHULVNVPRQLWRULQJFRPPXQLFDWLRQDQGFRQVXOWDWLRQDVZHOODVWKHFRQQHFWLRQ
EHWZHHQ WKHVH SURFHGXUHV 7KH HIILFLHQF\ RI 5LVN PDQDJHPHQW GHSHQGV RQ WKH VHOHFWLRQ RI WKH ULVN PHWKRG 7KH
VXLWDELOLW\RIHDFKPHWKRGGHSHQGVRQLWVVWUHQJWKVDQGZHDNQHVVHVDQGRQWKHQHHGVRIWKHSURMHFW8VXDOO\WZRRUPRUH
PHWKRGV DUH FRPELQHG LQ RUGHU WR FRYHU DOO VWDJHV RU QHHGV RI D SURMHFW¶V OLIHF\FOH DQG HDFK RWKHU¶V ZHDNQHVVHV DQG
IODZV  7KLV SURFHGXUH KDV DOVR EHHQ IROORZHG KHUH  +$=,' FDQQRW VXSSRUW PXFK GHWDLO DQG LW LV XVXDOO\ XVHG IRU
RSHUDWLRQDOSURFHGXUHV)0(&$¶VFRPSOH[LW\DQGWKHHYHULQFUHDVLQJOLVWRISRVVLEOHIDLOXUHPRGHVRIWKHFRPSRQHQWV
PDNH LW GLIILFXOW WR EH ZLGHO\ DSSOLHG $ VSKHULFDO DQG JHQHUDO RYHUYLHZ WKRXJK RI ERWK PHFKDQLFDO DQG RSHUDWLRQDO










SUREDELOLWLHVRI WKHFULWLFDO IDLOXUHV >@)0(&$ZDVRULJLQDOO\SDUWRI ULVNPDQDJHPHQW WHFKQLTXHVGHYHORSHG IRU
GHIHQVHDQGQXFOHDULQGXVWULHVLQWKH¶V,WZDVIRUPDOO\GHYHORSHGDQGDSSOLHGE\1$6$LQWKH¶VWRJXDUDQWHH
UHOLDELOLW\ RI VSDFH SURJUDP KDUGZDUH DQG ZDV TXLFNO\ DGRSWHG E\ DHURVSDFH SHWUROHXP FKHPLFDO DQG DXWRPRWLYH
LQGXVWULHV>@
)0($ DQG )0(&$ W\SLFDOO\ FRQVLVW RI VHYHUDO VWDJHV 'HILQLWLRQ RI WKH V\VWHP FRPSRQHQWV LV WKH ILUVW VWHS RI WKH
DQDO\VLV7KHQ LGHQWLILFDWLRQRIHDFKFRPSRQHQW¶V IDLOXUHPRGHDVZHOODV WKHLUHIIHFWV LV WKHQH[WFUXFLDO OHYHO WR WKH
)0($)0(&$DSSURDFK1H[WLPSRUWDQWVWHSLVDQDO\]LQJWKHFULWLFDOLW\RIHDFKIDLOXUHDQGDOVRHVWLPDWLQJWKHLUUDWH
5DQNLQJRIIDLOXUHPRGHVDQGGHWHUPLQDWLRQRIFULWLFDOLWHPVLVDQRWKHULPSRUWDQWVWDJHRIWKHSURFHGXUHWKDWGXHWRWKH






HDFK IDLOXUH PRGH KDYH WR EH OLVWHG DQG WKHLU DFFHSWDQFH FULWHULD KDYH WR EH FKRVHQ %HIRUH WKH ILQDO GHFLVLRQ RI WKH
FULWHULDFDWHJRULHVDORWRIUHYLHZVDQGSDSHUVZHUHWDNHQLQWRFRQVLGHUDWLRQ0DLQUHIHUHQFHVZHUH,02DQG,62VRXUFHV
RQ WKH GHYHORSPHQW RI ULVN PDWULFHV )6$ DSSOLFDWLRQV DQG QXFOHDU SURMHFWV ZKHUH QXPEHU RI FDVHV LV VPDOO DQG
WHFKQRORJ\ PD\ EH REVROHWH EXW GXH WR FDWDVWURSKLF FRQVHTXHQFHV WKHLU RXWFRPHV PXVW EH WDNHQ LQWR VHULRXV
FRQVLGHUDWLRQ$IWHUWKRURXJKUHYLHZZHILQDOL]HGRXUPDWULFHVDVEHORZ>@




RU RQ RWKHU FRPSRQHQWV DV ZHOO DV IDLOXUH UDWHV VKRXOG DOVR EH OLVWHG DQG FODVVLILHG PRVW FRPPRQO\ WR D ILYHOHYHO
UDQNLQJ  KLJO\ XQOLNHO\  UHPRWH  RFFDVLRQDO  SUREDEOH DQG  YHU\ IUHTXHQW 7KH VHYHULW\ RI WKH IDLOXUH












7KH531LVQRWDPHDVXUHRI ULVNEXWRI ULVNSULRULW\7KHVPDOOHU WKH531LV WKHEHWWHUVLQFH\RXFDQGHDOZLWK WKLV
KD]DUGODWHU%DVHGRQWKHVHWZRWRROV WKHUHVSRQVLEOH WHDPVKRXOGGHFLGHZKHWKHU WKHV\VWHPLVDFFHSWDEOHRUQRWDQG














OLVW RI SRWHQWLDO KD]DUGV DQG UHFRPPHQGDWLRQV IRU DYRLGDQFH LV SURGXFHG 7R WKLV UHVSHFW D ZHOOGHILQHG V\VWHP RU
DFWLYLW\LVUHTXLUHGLQRUGHUWRPLQLPL]HWLPHQHHGHGIRUWKHDQDO\VLV>@











SUREOHP7KH\PDNHD IUDPHZRUN IRUGHFLVLRQVXSSRUW WKDW WDNHV LQWRFRQVLGHUDWLRQYDULDEOHVZLWKXQNQRZQVWDWHDQG


























%%1 FRQVWUXFWLRQ KDV IRXU VWDJHV 7KH ILUVW WZR VWDJHV DUH SUREOHP VWUXFWXULQJ ,Q WKHVH VWDJHV WKH YDULDEOHV DUH
LGHQWLILHGDQGH[SUHVVHGDVVWDWLVWLFDOYDULDEOHVDQGWKHQHWZRUNVWUXFWXUHLVGHFLGHG7KHWKLUGVWDJHLVLQVWDQWLDWLRQ,Q
WKLVVWDJHWKHFRQGLWLRQDOSUREDELOLWLHVWKDWPD\EHGHULYHGIURPGDWDRUEDVHGRQH[SHUWMXGJPHQWDUHVSHFLILHGDQGWKH
DVVHVVPHQW IXQFWLRQV DUHGHWHUPLQHG 7KH IRXUWK VWDJH LV LQIHUHQFH ,Q WKLV VWDJH HYLGHQFH LQ WKH IRUPRINQRZOHGJH
DERXWWKHVWDWHVRIWKHYDULDEOHVLVXVHGWRXSGDWHWKHSUREDELOLWLHVRIDOOQRGHVE\HIILFLHQWDOJRULWKPV7KLVSURFHGXUHLV
FDOOHGSURSDJDWLRQDQG LW FDQEHTXLWHGLIILFXOW WRSHUIRUPDVH[DFWSURSDJDWLRQ LVRQO\ IHDVLEOH IRU VPDOOQHWZRUNVRU
GLVFUHWHYDULDEOHV$SSUR[LPDWLRQDOJRULWKPVWKRXJKKDYHEHHQGHYHORSHGIRUODUJHUQHWZRUNVDQGFRQWLQXRXVYDULDEOHV
>@










LQWHUHVWHG LQ7KHQH[W VWDJH LV WKHGHWHUPLQDWLRQRI WKHDFFHSWDQFHFULWHULD VR WKDW WKH UHVXOWVRI WKH ULVNDQDO\VLV DUH



































/DWHU RQ WKH DFWLYLW\ DUHDV WKDW ZH DUH LQWHUHVWHG LQ DUH LGHQWLILHG DQG PRUH VSHFLILFDOO\ LQVWDOODWLRQ RSHUDWLRQ DQG
PDLQWHQDQFHRIDQRIIVKRUHZLQGWXUELQH.HHSLQJWKHVHLQPLQGZHFDQQRZSURFHHGZLWKWKHULVNLGHQWLILFDWLRQXVLQJ
)0(&$DQG+$=,'PHWKRGV
:LWK WKH)0(&$ZHLGHQWLILHG WKHPRVWFULWLFDOFRPSRQHQWVRIDZLQG WXUELQHVLQFH WKLVPHWKRGUHYLHZV WKHZD\V LQ
ZKLFKD V\VWHPFDQ IDLO DQG WKHQ WKHFRQVHTXHQFHVRI WKHVH IDLOXUHV$VPHQWLRQHG LQSUHYLRXVFKDSWHU FRQVHTXHQFH























































































7KH+$=,'PHWKRGLVXVHGWR LGHQWLI\WKHSRWHQWLDOKD]DUGVGXULQJPDQXIDFWXUH WUDQVSRUWDWLRQ LQVWDOODWLRQRSHUDWLRQ







2SHUDWHG 9HKLFOHV XQGHUZDWHU LQVWDOODWLRQ HWF ,QGLUHFW KD]DUGV FRQFHUQ WKH RQHV UHODWHG WR WKH RYHUDOO LQVWDOODWLRQ
DFWLYLW\LQFOXGLQJWKHDVVLVWLQJYHVVHOVDQGFUHZHJHOHFWULFDOVKRFNSROOXWLRQEDGZHDWKHUHWF
5LVNPDQDJHPHQWFRPHVDIWHUWKHLGHQWLILFDWLRQDQGDVVHVVPHQWRIWKHSRWHQWLDOKD]DUGV5LVNVRQWRSRIUDQNLQJKDYHWR
EH GHDOW ZLWK HLWKHU E\ GHVLJQLQJ WKHP RXW LQ WKH LQLWLDO VWDJHV RI D ZLQG WXUELQH E\ SUHYHQWLQJ WKHP WR RFFXU RU E\
DOOHYLDWLQJ WKH HIIHFWV LQ FDVH WKH\ RFFXU )LQDOO\ DQG PRVW LPSRUWDQWO\ SURDFWLYH PHDVXUHV DQG HPHUJHQF\ UHVSRQVH
DFWLRQV IRU SUHYHQWLQJ UHRFFXUUHQFH VKRXOG EH WDNHQ )LQDOO\ D FRVW EHQHILW DQDO\VLV RI WKH UHSDLU FRVWV EDVHG RQ WKH
RXWSXW RI WKH ULVN DVVHVVPHQW ZLOO EH FDUULHG RXW 7KLV ZLOO EH GRQH XVLQJ %D\HVLDQ %HOLHI 1HWZRUNV ZLWK WKH DLG RI
+8*,1VRIWZDUH
7KHQRYHOW\RIWKLVWKHVLVOLHVLQWKHFRPELQDWLRQRIWKUHHGLIIHUHQWPHWKRGVIRUULVNDQDO\VLVDQGFULWLFDOLW\LGHQWLILFDWLRQ
7KH LQWHJUDWLRQ RI WKHVH ULVN DVVHVVPHQWV DSSURDFKHV DWWHPSWV WR HOLPLQDWH WKH GUDZEDFNV RI HDFK RQH DV
PHQWLRQHGDERYHDQGDLGGHFLVLRQPDNLQJLQSODQQLQJDQGLPSOHPHQWLQJ3DLULQJ+$=,'DQG)0(&$PHWKRGV
LQ WKH ILUVW VWDJH RI ULVN DQDO\VLV PDNHV RXU DSSURDFK PRUH FRPSUHKHQVLYH VLQFH LW WDNHV LQWR FRQVLGHUDWLRQ ERWK WKH
PHFKDQLFDODQGWKHRSHUDWLRQDODVSHFWVRIDQRIIVKRUHZLQGWXUELQHVRPHWKLQJWKDWHDFKPHWKRGLQGLYLGXDOO\FDQQRWGR
,Q DGGLWLRQ XVLQJ %%1 DQDO\VLV JLYHV XV WKH RSSRUWXQLW\ QRW RQO\ WR LGHQWLI\ WKH PRVW FRVWO\ FRPSRQHQWV EXW DOVR
FRPSDUH WKH UHVXOWVZLWK WKHRWKHU WZRPHWKRGV UHJDUGLQJ WKHPRVWFULWLFDOFRPSRQHQWVDQG WKHLU IDLOXUHSUREDELOLWLHV















IDLOXUHPRGHIRU$VVHWFDWHJRU\ ൌ େ ൈ ୔ ൈ ୈ ൌ 	? ൈ 	? ൈ 	? ൌ 	?	?


















































$V VKRZQ LQ DERYH 7DEOHV WKH PRVW VHQVLWLYH FRPSRQHQW RI WKH ZLQG WXUELQH LQ WHUPV RI 6DIHW\ LV WKH 7RZHU DV WKH
FRQVHTXHQFHV RI D SRWHQWLDO FROODSVH ZRXOG EH FDWDVWURSKLF QRW RQO\ LQ FDVH RI IDWDOLWLHV EXW LQ DOO FDWHJRULHV
)XUWKHUPRUHWKHDEVHQFHRIVHQVRUVDWWKHWRZHULQFUHDVHVWKHSRVVLELOLW\RIXQGHWHFWHGIODZVWKDWFRXOGOHDGWRDSRVVLEOH
IDLOXUH FRPSDUHG WR RWKHU FRPSRQHQWV 7KH VDPH DSSOLHV IRU WKH IRXQGDWLRQ 7KH VDPH FDQ EH YDOLGDWHG E\
'LQPRKDPPDGL >@ LQ KLV VWXG\ ZKHUH DJDLQ 7RZHU LV UDQNHG LQ WKH ILUVW SODFH $V VHHQ WKRXJK LQ RXU VWXG\ DOO
FRPSRQHQWVKDYHDUHODWLYHO\ORZ531LQGH[DVDWRWDOFROODSVHLVXQOLNHO\






















































JUHDW GHJUHH $JDLQ 'LQPRKDPPDGL¶V VWXG\ FRPHV WR YDOLGDWH UHVXOWV E\ SODFLQJ 7RZHU DQG )RXQGDWLRQ DV ZHOO DV
5RWRU EODGHV LQ WRS SRVLWLRQV :H FDQ VHH WKRXJK WKDW LQ JHQHUDO WKH 531V DUH ORZ QRW RQO\ EHFDXVH PRVW RI WKH
FRPSRQHQWV DUH QRW LQ GLUHFW FRQWDFW ZLWK WKH HQYLURQPHQW EXW DOVR EHFDXVH OHJLVODWLRQ REOLJDWHV FRPSDQLHV WR WDNH
SURSHUPHDVXUHVIRUHQYLURQPHQWSURWHFWLRQ
$V IDU DV$VVHW LV FRQFHUQHG WKH PRVW VHQVLWLYH FRPSRQHQW RI WKHZLQG WXUELQH LV 3LWFK V\VWHP QRWRQO\GXH WR KLJK







RI WKH PDLQ FRPSRQHQWV IRU WKH HQHUJ\ SURGXFWLRQ DQG FRQVHTXHQWO\ LW LV LQ WKH ILUVW SODFH RI WKH FULWLFDOLW\ UDQNLQJ
2SHUDWLRQ FULWHULRQ LV DV ZH FDQ REVHUYH WKH RQH ZLWK WKH KLJKHVW 531 LQGH[HV VLQFH VPDOO RSHUDWLRQ GLVUXSWLRQV DUH
IUHTXHQWGXHWRDQXPEHURIUHDVRQV,WVLPPHGLDWHFRUUHODWLRQWR$VVHWFULWHULRQOHDGVWRVLPLODUUHVXOWV
$VDFRQFOXVLRQZHFDQVD\WKDWWKHPRVWFULWLFDOFRPSRQHQWLVWKHSLWFKV\VWHPVLQFHLWLVDPRQJVWWKHWRSSODFHVLQDOO
UDQNLQJVDQGDVSHFWVRIFULWLFDOLW\&RQVLGHULQJWKDWHOHFWURQLFV\VWHPVDUHVHQVLWLYHDQGSURQHWRIDLOXUHV LW LV MXVWLILHG
WKDW LWVSUREDELOLW\ LQGH[LV UHDOO\KLJKLQPRVWRI WKHFDVHV$OVRDVDOUHDG\VDLG WKHH[LVWHQFHRIVHQVRUV ORZHUV WKH
GHWHFWLRQLQGH[EXWWKHLPSRUWDQFHRILWVPDOIXQFWLRQFDXVHVWKHFRQVHTXHQFHLQGH[WRUDLVH$VDUHVXOWZHKDYHDWRWDORI
531 LQ PRVW RI WKH FDVHV ZKLFK UDQNVSLWFK V\VWHP ILUVW LQ FULWLFDOLW\ WHUPV 7KLV LV IROORZHGE\ URWRUEODGHV DQG
















6LPLODUO\ GXULQJ WKH WUDQVSRUWDWLRQ SURFHVV LQ WHUPV RI 6DIHW\ (QYLURQPHQW 2SHUDWLRQ DQG $VVHW FROOLVLRQ EHWZHHQ
&79 )69 -DFNXS YHVVHOV KHOLFRSWHUV DQG ZLQG WXUELQHV GXULQJ ZRUNHU




'XULQJ WKH LQVWDOODWLRQ SURFHVV ZKHUH DYDVW QXPEHU RIKXPDQVDUHSUHVHQW 6DIHW\ FULWHULD SOD\ DQ LPSRUWDQW UROH DV







FRPPXQLFDWLRQEHWZHHQZRUNHUV  ILUHRU H[SORVLRQGXH WR IXHOKRVH IDLOXUH LJQLWLRQ VRXUFHVDYDLODEOH IXHO WDQNV
RYHUIORZSRRUFRPPXQLFDWLRQKXPDQHUURUKRWZRUNRQGHFNSRRUKRXVHNHHSLQJRUKRWZRUNGXULQJEXQNHULQJ
 SK\VLRORJLFDO KD]DUGV GXH WR SHUVRQQHO VOLSV WULSV DQG IDOOV  RU PDQ RYHUERDUG  KD]DUGV GXULQJ FDEOH
LQVWDOODWLRQ GXH WR HQWDQJOHG FDEOHV DURXQG IRXQGDWLRQ GXULQJ LQVWDOODWLRQ  RU WUDZOLQJ FDSVL]LQJ IURP DFFLGHQWDO
GUDJJLQJ  ,Q WKH VDPH ZD\ LQ WHUPV RI (QYLURQPHQW $VVHW DQG2SHUDWLRQV PDMRU KD]DUGV DUH GURSSHGVZLQJLQJ
HTXLSPHQWGHYLFHWHWKHUVZKLOHLQVWDOOLQJORZHULQJUHWULHYLQJIURPZDWHUGXHWRSRRUFRPPXQLFDWLRQVWDELOLW\ORVV
RIYHVVHOGXHWRFDUJRVKLIWLQJDQGILUHRUH[SORVLRQGXHWRIXHOKRVHIDLOXUH LJQLWLRQVRXUFHVDYDLODEOHIXHOWDQNV
RYHUIORZ SRRU FRPPXQLFDWLRQ RU KXPDQ HUURU  (YHQ WKRXJK QRW LQ UDWLQJ RUGHU IDOOV ILUH RU H[SORVLRQ DQG
HUJRQRPLFV DUH PHQWLRQHG DV WRS KD]DUGV LQ 26+$ GLUHFWLYHV 7KH\ DOVR DSSHDU LQ KLJK IUHTXHQF\ LQ ,5667 DQG
&DLWKQHVVDFFLGHQWGDWDEDVH
'XULQJ WKHRSHUDWLRQSURFHVVZKHUHKXPDQ IDFWRU LVXVXDOO\QRWSUHVHQWKD]DUGV DUHPDLQO\ OLQNHGZLWK FRPSRQHQWV¶
IDLOXUH,Q6DIHW\DQG2SHUDWLRQDVSHFWVPDLQFDXVHVRIKD]DUGDUHILUHRUH[SORVLRQRIWXUELQHGXHWROLJKWQLQJRU





IDOO GXH WR KXPDQ HUURU  RU SRRU FRPPXQLFDWLRQ EHWZHHQ FRZRUNHUV  SK\VLRORJLFDO KD]DUGV GXH WR HQWU\ WR
FRQILQHGVSDFHVWDQNVVWRUHURRPVHWFSHUVRQQHOVOLSV WULSVDQGIDOOV RUPDQRYHUERDUGDQGKD]DUGV




FDVH RI PDQXIDFWXULQJ LW LV REVHUYHG WKDW WKH ELJJHVW KD]DUG LV HOHFWULFDO VKRFN HLWKHU E\ KXPDQ HUURU RU SRRU
FRPPXQLFDWLRQEHWZHHQ WKHZRUNHUV7KLV LV UHDVRQDEOHVLQFHPRVWRI WKHPDQXIDFWXULQJSURFHVVHVDUHDXWRPDWHGDQG
HOHFWULFLW\ LV WKHRQO\VRXUFHRIKD]DUG WKDWZRUNHUVPD\FRPHLQ WRXFKZLWK7KLVDOVR MXVWLILHVZK\DOO WKHRWKHUULVN
LQGH[HVLQWKHPDQXIDFWXULQJSURFHVVDUHYHU\ORZ
$V IDU DV WUDQVSRUWDWLRQ LV FRQFHUQHG ZH FDQ VHH WKDW FROOLVLRQ EHWZHHQ YHVVHOV RU YHVVHOV DQG RWKHU PHDQV RI
WUDQVSRUWDWLRQ VXFKDVKHOLFRSWHUV LV WKH OHDGFDXVHRI IDLOXUH LQDOO IRXUDVSHFWVRI ULVNDQDO\VLV+XPDQHUURURUEDG
ZHDWKHUFRQGLWLRQVDUHWKHPDLQUHDVRQVIRUWKDW&ROOLVLRQVFDQKDYHDKXJHLPSDFWQRWRQO\LQ6DIHW\VLQFHKXPDQOLYHV
FDQEHORVWEXWDOVRLQ(QYLURQPHQWDVKDUPIXOVXEVWDQFHVFDQEHVSLOOHGLQWKHVHDDQGLQ$VVHWDQG2SHUDWLRQDVORVWRU
GHVWUR\HGFRPSRQHQWVPHDQD ORWRI WLPHDQGPRQH\ORVVIRU WKHFRPSDQ\$OVR ORDGIDOOVGXULQJORDGDQGXQORDGRI
WXUELQHFRPSRQHQWVLVDQRWKHUPDMRUKD]DUGRIWUDQVSRUWDWLRQDVH[SHFWHGHVSHFLDOO\LQWHUPVRI6DIHW\DQG(QYLURQPHQW
IRUWKHVDPHUHDVRQVWKDWFROOLVLRQLVGDQJHURXV
'XULQJ WKH LQVWDOODWLRQ SURFHVV WKH PDMRU KD]DUGV UHJDUG VDIHW\ DV LW LV WKH RQO\ VWDJH RI D WXUELQH¶V OLIH WKDW D ODUJH
QXPEHURIZRUNHUVDUHLQYROYHG$ODUJHUDQJHRIKD]DUGVWKDWFRXOGOHDGWRLQMXULHVRUGHDWKVLVSUHVHQWGXULQJWKLVVWDJH
VXFKDVFROOLVLRQEHWZHHQWUDQVSRUWDWLRQPHDQVIDOOVIURPKHLJKWVHOHFWULFDOVKRFNVILUHVRUH[SORVLRQVEXWDOVRVHYHUH
SK\VLRORJLFDO KD]DUGV 1HYHUWKHOHVV GXH WR LQFUHDVHG QXPEHU RI SURFHGXUHV GXULQJ WKH LQVWDOODWLRQ SURFHVV D ORW RI
GLYHUVHKD]DUGVDSSHDULQWHUPVRIRSHUDWLRQDVVHWDQGHQYLURQPHQWVXFKDVVWDELOLW\ORVVRIYHVVHOVGURSSHGVZLQJLQJ
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%%1PHWKRGFRPSOHPHQWV WKHSUHYLRXVDQDO\VLV FRQGXFWHGXVLQJ+$=,'DQG)0(&$DQGFDQFRQILUPRU UHIXWH WKH
UHVXOWV QRW RQO\ E\ LGHQWLI\LQJ WKH PRVW FRVWO\ FRPSRQHQWV EXW DOVR FRPSDUH WKH UHVXOWV ZLWK WKH RWKHU WZR PHWKRGV
UHJDUGLQJWKHPRVWFULWLFDOFRPSRQHQWVDQGWKHLUIDLOXUHSUREDELOLWLHV7KHNH\IHDWXUHRI%%1VLVWKHLUDELOLW\WRPRGHO
DQGUHDVRQDERXWXQFHUWDLQW\DQGWKHLUJUDSKLFDODUWLFXODWHDSSHDUDQFH




0RUH VSHFLILFDOO\ WKH VXEV\VWHPVZHUH&DEOHV)RXQGDWLRQ<DZ7UDQVIRUPHU7RZHU5RWRUEODGHV3LWFK0DLQ
IUDPH3RZHUJHQHUDWLRQ5RWRUKXEDQG*HDUER['XHWRSOHWKRUDDQGGLYHUVLW\RIIDLOXUHPRGHV&DEOHVVXEV\VWHPZDV















































































































































IRURLODQGJDV LQGXVWU\6LQFHRIIVKRUHZLQG WXUELQHVDUHD UHODWLYHO\QHZZD\RISURGXFLQJHQHUJ\ WKHUH LVD ODFNRI
DFFXUDWH GDWD UHJDUGLQJ ULVN DQG FULWLFDOLW\ DQDO\VLV VR WKHUH LV D SDUDPHWHU RI HUURU LQ WKH FDOFXODWLRQV DOWKRXJK ZH
FRPSDUHVLPLODUHTXLSPHQWW\SHVDQGRSHUDWLRQDOFRQGLWLRQV
'HVSLWHWKLVUHVXOWVKDYHDQDGHTXDWHOHYHORIDFFXUDF\DQGFDQEHYHULILHGE\SDVWVWXGLHV7KHV\VWHPZLWKWKHKLJKHVW















LQ RSHUDWLRQ DQG PDLQWHQDQFH SUDFWLFHV WKDW UHGXFH V\VWHP UHOLDELOLW\ ,Q WKLV ZRUN ZH XVHG D FRPELQHG UHVHDUFK








 $ QRYHO WHFKQLTXH IRU SUHGLFWLQJ V\VWHP UHOLDELOLW\ LV SURYLGHG WKURXJK WKLV DSSURDFK E\ FRPELQLQJ +$=,'
)0(&$DQG%%1DQDO\VLV


















7KH DERYH UHFRPPHQGDWLRQV FDQ LPSURYH UHOLDELOLW\ DQG FULWLFDOLW\ DQDO\VLV WKDW DUH EHQHILFLDO IRU REWDLQLQJ RSWLPXP
PDLQWHQDQFHVWUDWHJ\DQGSUHYHQWULVNVDQGKD]DUGVRIDQRIIVKRUHZLQGWXUELQH
5HIHUHQFHV







>@ :+2 :RUOG +HDOWK 2UJDQL]DWLRQ *HQHYD  ³,3&6 5LVN $VVHVVPHQW 0HWKRGRORJ\´ :RUOG +HDOWK
2UJDQL]DWLRQ*HQHYD
>@.ULVWHQVHQ9$YHQ7)RUG'  ³$QHZSHUVSHFWLYHRQ5HQQDQG.OLQNH

























>@ ,(&  ³5LVN 0DQDJHPHQW 5LVN $VVHVVPHQW 7HFKQLTXHV´ VW HGLWLRQ ,QWHUQDWLRQDO (OHFWURWHFKQLFDO
&RPPLVVLRQ
>@ &DQDGLDQ &HQWUH IRU 2FFXSDWLRQDO +HDOWK DQG 6DIHW\ ³+D]DUG DQG ULVN´
KWWSZZZFFRKVFDRVKDQVZHUVKVSURJUDPVKD]DUGBULVNKWPO"SULQW
>@ +ROWRQ *$  ³3HUVSHFWLYHV 'HILQLQJ 5LVN´ )LQDQFLDO $QDO\VWV -RXUQDO 9RO  1R  SS 
1RYHPEHU'HFHPEHU
>@.DOLSUDVDG0&&(³3URDFWLYH5LVN0DQDJHPHQW&RVW(QJLQHHULQJ´9RO1R'HF
>@ 0LJLOLQVNDV ' 8VWLQRYLþLXV /  ³0HWKRGRORJ\ RI ULVN DQG XQFHUWDLQW\ PDQDJHPHQW LQ FRQVWUXFWLRQ¶V
WHFKQRORJLFDO DQG HFRQRPLFDO SUREOHPV´ 7KH WK ,QWHUQDWLRQDO 6\PSRVLXP RQ $XWRPDWLRQ DQG 5RERWLFV LQ
&RQVWUXFWLRQ,6$5&-XQH9LOQLXV/LWKXDQLDS
>@&OHGHQ'³0DQDJLQJ3URMHFW8QFHUWDLQW\´$OGHUVKRW+DQWV(QJODQG%XUOLQJWRQ97$VKJDWHF





















IPHFD IRU FRPPDQG FRQWURO FRPPXQLFDWLRQV FRPSXWHU LQWHOOLJHQFH VXUYHLOODQFH DQG UHFRQQDLVVDQFH &,65
IDFLOLWLHV´
>@ '19 E ³&ODVVLILFDWLRQ EDVHG RQ SHUIRUPDQFH FULWHULD GHWHUPLQHG IURP ULVN DVVHVVPHQW PHWKRGRORJ\´
2IIVKRUHVHUYLFHVSHFLILFDWLRQ'19266+RYLN1RUZD\
>@ 5DXVDQG 0  ³&KDSWHU  6\VWHP $QDO\VLV )DLOXUH 0RGHV (IIHFWV DQG &ULWLFDOLW\ $QDO\VLV´ 6\VWHP





+D]DUGV $QDO\VLV IRU 2IIVKRUH 3URGXFWLRQ )DFLOLWLHV´
>@:RROGULGJH6³%D\HVLDQ%HOLHI1HWZRUNV´$XVWUDOLDQ,QVWLWXWHRI0DULQH6FLHQFH&6,52
>@ 5HPFR 5 %RXFNDHUW ³%D\HVLDQ %HOLHI 1HWZRUNV )URP &RQVWUXFWLRQ WR ,QIHUHQFH´ 8WUHFKW 8QLYHUVLWHLW
8WUHFKW



















>@ 1LHOVHQ )* &DWLSRYLF , 1LFKROOV ± /HH 5 /LX 3 %RRP :LP ± GH +LUGDULV 6 %UHQQDQ )3 *DR =
/DQGHW ( %RXOOLHF 0/ 5LP &: 6LUNDU - 6XQ / 6X]XNL + 7KLU\ $ 7UDULHX[ ) :DQJ &0 
³'LVFXVVLRQWRWKHUHSRUWE\,66&&RPPLWWHH9RQ2IIVKRUH5HQHZDEOH(QHUJ\´3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO











>@.RXJLRXPW]RJORX$ ,RDQQLV6SDQRV'3RO  ³6XUYLYDO3UREDELOLW\'HWHUPLQDWLRQRI1RQOLQHDU2VFLOODWRUV
6XEMHFWWR(YROXWLRQDU\6WRFKDVWLF([FLWDWLRQ´-RXUQDORI$SSOLHG0HFKDQLFV$60(0D\9RO
>@ $VVRFLDWLRQ IRU 3URMHFW 0DQDJHPHQW  ³3URMHFW 5LVN $QDO\VLV DQG 0DQDJHPHQW 35$0 *XLGH QG
(GLWLRQ´3ULQFHV5LVERURXJK8.$VVRFLDWLRQIRU3URMHFW0DQDJHPHQW
















>@ /D]DNLV , 7XUDQ 2 DQG 5RVHQGDKO 7  ³0RGHOOLQJ RI YHVVHO DQG HTXLSPHQW FRVW IRU WKH PDLQWHQDQFH
DFWLYLWLHVRIDQRIIVKRUHWLGDOHQHUJ\DUUD\´3URFHHGLQJVRIWKH35$'62FWREHU&(&2&KDQJZRQ
&LW\.RUHD
>@ /HH 0HUNKRIIHU &RQVXOWLQJ ³7HFKQLFDO 7HUPV 8VHG LQ 3URMHFW 3RUWIROLR 0DQDJHPHQW
KWWSZZZSULRULW\V\VWHPFRPJORVVDU\DDKWPODFFHVVHG0D\
>@ 6RUPXQHQ 2 *RHUODQGW ) +DNNLQHQ - 3RVWL $ +DQQLQHQ 0  0RQWHZND - 6WDKOEHUJ . .XMDOD 3 
³8QFHUWDLQW\LQPDULWLPHULVNDQDO\VLV([WHQGHGFDVHVWXG\RQFKHPLFDOWDQNHUFROOLVLRQV´/0HFK(3URFHHGLQJVRIWKH
,QVWLWXWLRQRI0HFKDQLFDO(QJLQHHU3DUW0
